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Study of Mo-B High Strength Steels.
(The relation of chemical composition to the
strength of high strength steels in the nor-
malized condition— I )
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Takayasu OKADA Fukunaga TERsSAKI
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Table 1. ’l‘he range of chemical composmon of steels.

c | si| Mn | co | mi Cr { Mo % ] Ti [ Zr I Nb l Al ‘ B
007 0°48 » 0°09 O’OS 0°02 0°08 v 0°01 0°01 l 0°01 0°04 0°003 0°0019
~0° ZO!NI lOf ~1'36 ~1°08] ~1°51] ~1*56] ~0°60, ~0Q°35 ~0°18 ~0°27] ~0°06] ~0°029/~0°0043

Table 2. The range of tensile properties. ' bar: diameter 25 mm
' ’ 1'1‘ ile strength | Yield strength* . .| Reduction of Elongation

Heat Treatment | - “kg/mm? kg /mm? Ylel(’i‘rat; ° area, % %o

As normalized 48~102. 30~65 0°58~0"71 47~72 14~37
~ Normalized & 45~107  32~100 0°68~0°95 48~74 16~36

tempered. . ] . ) . )

*  0°2% off set
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K#** | MCC
—9+2
—0°2
151] 0°97
—149) —11] 097

35| 84%6| 0°86

bar: diameter 25 mm
—18] 44+1| 0°90

—101
— 71
—127
—114] 24+9 | 0°95
138 10°5 | 0°94

Nb

Zr

1

8

0

4

11

— 6

388 —15
17

47

15

—5 —890
91

141

1378

8|—2025| —10
3

47
—118]—2048
68—

Al

- —5g—1133
. —44i— 942
Elongation

—138
—357

Ti
—24
— 4
-9
-2
—4
13
-2
04
30

25
24
54
55

68
71

- 7
—25
61
68

-

Rk
36
34
45
49
47
51

—12
—18
37
44

Mo

Cr
18
13
17
16
13
13

—4

—4

12
11
8
10
—1
—1

Ni
R. A.: Reduction of area, EL:

wt. % of alloying element

15
2

5
-1

Cu
-5

9]
12
19
19
5
15
—3
—7

Mn

‘Quantitative evaluations of the effect of alloying elements.
18
8
13
11
11
9
—3
- _%§

si

158
162
131
131
—58
—25

Y. S.: Yield strength,

Table 3.
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Y. S. (

* T, S.: Tensile strength,

**  Property=K+ 2 @ixi,

Heat
freatment
Tempered '
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at 700°C
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Fig. 1. Calculated vs. experimental value

. of tensile strength of normalized bar
(25 mm diameter).
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Fig. 2. Calculated vs. experimental value
of tensile strength of normalized &
“tempered bar (25 mm diameter).
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Table 4. Comparisons-among various 1nvest1gat1ons concerning the effect of alloying
elements on the tensile strength,

| C | si | M| ca | N | o | M | v | om

Present N | g3 | 00082 | or0ss o-oeéA: 0°053 | 0081 i.0’161 0-112 | —0°105

investigation |\ g 7 (1%1) 0082°| 0111 | 0°013 | 0050 05098! 0°354 | 0515 | —0°030
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7. BEETLEDKESL Table | WRT. FHETLHED
b oFiIe, %ﬁ%%n%m@zm%aﬁﬁcﬁan

5 %51, 1z, REERCONTEEREROBF,
DORIBITI T AT, Eﬁt%néﬂ@é®m1%6
FUBELIZWI S CERL .

WHRRS R, BEECEUESDRMTI D8 b0
Th, BEOBFC L ClEE 23500 TER
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MB RO, ch X b FEFMICETHRZ 8'5mm
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Table 1. Composition level (wt. %).

Element " First level |Second level %

C x | 0°099 (0°09)* 0°178 (0°17) | 0°139
Si %o | 0°280 (0*25) | 0*520 (0°50) 0°400
Mn | xs | 1°235 (1°20) | 0639 (0°60) | 0°937
Ni x4 | 0°354 (0*35) | 0°990 (1+00) 0672
Cr x5 | 1°010 (1°00) | 0°365 (0+35) 0°688
- Mo xg | 0°156 (0*15) | 0314 (0°30) 0°235
Cu x7 | 0°231 (0°25) | 0°591 (0°60) 0412

* [ Designed value.

Table 2 The Range of tensile properties.

. Yield strength ' R .
Heat treatment Tensile strezngth (0°29 " offset Yield ratio Elongation % educ‘uo;a of
: , (kg /mm?) : ‘ area %
kg /mm2)
As normalized 49~108 24~64 l 0°48~0*65 l 14~27 ' 42~70
Normalized & 47~ 75 " 33~58 - ‘ 0°70~0°79 l 20~ 34 \ 57~73
tempered - ) ,
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